S ince its initial description by Harms and Rolinger in 1982, 1 transforaminal lumbar interbody fusion (TLIF) has been used with high rates of success in patients who present with instability or deformity. 2 Minimally invasive (Mi) TLIF, first described in the literature by Foley et al 3 in 2003, has become popular since its introduction because of concerns that open TLIF may result in significant soft tissue injury 4, 5 and adversely affect patient outcomes. 4 Several studies have shown that similar MiTLIF and open procedures have short-and mid-term outcomes in improvements in pain, functional status, and rates of fusion. [6] [7] [8] Lower volumes of blood loss and hospital length of stay were seen with MiTLIF. 8, 9 Other studies implicate a higher readmission and revision rate for MiTLIF, and some authors have commented on the steep learning curve for the procedure, especially in procedures for more complex pathology. 10 Definitive comparison of the 2 procedures has been Using data collected for the National Neurosurgery Quality and Outcomes Database (N2QOD), we examined various pain and functional outcomes for MiTLIF versus open TLIF to help better delineate what patients may benefit from each procedure.
MATERIALS AND METHODS

Study Population
After obtaining approval from the institutional review board, we queried the N2QOD to obtain information about patients who underwent 1- 
Open TLIF
After the correct level is identified with intraoperative Carm fluoroscopy, a midline incision is taken down to the depth of the lumbar fascia. Cobb elevators and monopolar electrocautery are used for subperiosteal dissection through the paravertebral musculature, and a confirmatory x-ray is obtained with the C-arm. After the laminectomy and bilateral facetectomy are completed, bilateral pedicle screw-rod constructs are implanted, the discectomy is performed, and the endplates are prepared. The disc space is subsequently distracted, and an appropriately sized graft consisting of autologous bone and an interbody cage is inserted. Once hemostasis is obtained, the incision is closed in layers.
MiTLIF
The correct level is identified utilizing intraoperative C-arm fluoroscopy, and a small incision is made down to the fascia of the spinous process approximately 3 levels above the pathologic level. The spinous process at this level is exposed and a neuronavigation detector array is attached. An intraoperative computed tomographic (CT) scan with the O-arm navigation is stored for image guidance. A small incision is made approximately 3.5 cm lateral to the midline centered over the pathologic level and carried down to the fascia using monopolar electrocautery. Using navigation guidance for determination of trajectory, a series of sequential soft tissue dilators is inserted and secured. A high-speed drill is then used to perform a partial hemilaminotomy and facetectomy. The disc is subsequently removed and the endplates prepared. Under C-arm fluoroscopy, the disc space is distracted using a series of sequential spacers, and an appropriately sized interbody cage impregnated with autologous bone is inserted. In cases in which symptoms or imaging findings suggest bilateral pathology, decompression is subsequently performed on the contralateral side.
At this point, the pedicle is exposed, and navigation guidance is used for placement of a percutaneous pedicle screw-rod construct. A second incision is made contralaterally, once again approximately 3.5 cm from the midline, and the fascia opened utilizing a Pedicle Access Kit (PAK) needle. Under fluoroscopic and navigation guidance, the pedicle and vertebral bodies are penetrated with the needle and a guidewire is placed. Cannulated pedicle screws are then inserted and a trochar is passed to the pedicle screws with the Sextant apparatus and a rod inserted. All screws are then secured and confirmed through intraoperative imaging, hemostasis is obtained, and the incision is closed in layers.
Postoperative Care
All patients are encouraged to begin ambulating on postoperative day 1 and are seen and evaluated by physical and occupational therapy staff. Pain is managed on the basis of patient and treating physician preference with either a patient-controlled analgesia hydromorphone system or a combination of intravenous and oral pain medications. Discharge decisions were made in collaboration with the patient, the surgical team, the therapy team, and, when needed, the rehabilitation service. Before being discharged home, all patients had to pass a home safety evaluation administered by physical therapy, demonstrate the ability to tolerate adequate oral intake, and have their pain well controlled utilizing oral pain medications alone.
Data Collection
Demographic and relevant medical history data collected included sex, age, tobacco use, American Society of Anesthesiologists Physical Status Classification System Grade (ASA Grade), and presence of diabetes, coronary artery disease, osteoporosis, anxiety, and depression. Preoperative data included preoperative diagnosis, predominant symptom (pain vs. weakness), preoperative ambulation status, and symptom duration. Primary outcomes included changes in back and leg pain visual analog scale (VAS), EuroQol (EQ)-VAS, and Oswestry Disability Index (ODI) scores at 3-month follow-up. Secondary operative and perioperative outcomes data included number of levels fused, length of surgery, estimated blood loss, intraoperative blood transfusion, length of stay, and 12-month assessments of leg pain VAS, back pain VAS, EQ-VAS, and ODI. Secondary postoperative outcomes data included discharge location, patient satisfaction index, return to work, and qualityadjusted life year (QALY) change.
Statistical Analysis
Patients were separated into 2 groups on the basis of whether they had MiTLIF or open TLIF for all analyses. Continuous variables were compared utilizing Student's t test, and categorical variables were compared using Chisquared analysis. Significance was defined in all cases as P <0.05. All calculations were performed using SPSS (IBM, Armonk, NY).
RESULTS
We identified 98 patients who underwent single-or 2-level MiTLIF or open TLIF between October 2012 and December 2014 and satisfied inclusion criteria for analysis. Patients in the open TLIF group tended to be older (P ¼ 0.015) than those in the MiTLIF group. Other baseline characteristics including preoperative diagnoses and baseline ODI and VAS were not significantly different between the 2 groups (Table 1) .
Three-month follow-up data for ODI were available for all 98 patients, but for 12-month ODI, 3-and 12-month VAS, and several secondary outcomes, a proportion of patients did not have data available (Tables 2 and 3 ). Mean ODI improved in both the open TLIF and the MiTLIF group at 3 months (mean change À13.3 AE 10.5 vs. À13.0 AE 9.8, P ¼ 0.902) and 12 months (À11.5 AE 9.2 vs. À14.8 AE 9.5, P ¼ 0.225). VAS improvements were seen in both the open TLIF and MiTLIF group for all 3 measures at 3 months (À3.6 AE 3.0 vs. À4.3 AE 3.1, P ¼ 0.679 for back pain; À4.9 AE 3.2 vs. À3.7 AE 4.4, P ¼ 0.163 for leg pain; 18.7 AE 24.7 vs. 18.7 AE 21.7, P ¼ 1.000 for EQ-VAS) and at 12 months (À3.7 AE 3.0 vs. À4.3 AE 3.1, P ¼ 0.486 for back pain; À4.9 AE 3.1 vs. À4.3 AE 2.7, P ¼ 0.525 for leg pain; 16.5 AE 24.5 vs. 19.9 AE 24.6, P ¼ 0.633 for EQ-VAS). There was no significant difference between open TLIF and MiTLIF for any of these measures. Both groups also demonstrated improvements in QALY at 3 and 12 months, and once again there was no significant difference between groups. Patient satisfaction scores at 3 and 12 months for both groups were similar ( Table 2) .
Length of stay was significantly shorter for the open TLIF group (3.8 AE 1.3 vs. 5.0 AE 1.3 days, P < 0.001) as was length of surgery (234.9 AE 67.4 vs. 329.3 AE 69.3 minutes, P < 0.001) ( Table 3) . Estimated blood loss was higher for the open TLIF group (306.5 AE 165.7 vs. 120.2 AE 63.7 mL, P < 0.001), although neither group required any intraoperative blood transfusions.
Patients in the open TLIF group were more likely to discharge home from the hospital, whereas MiTLIF patients were more likely to require home health services or a postacute care setting such as inpatient rehabilitation (P ¼ 0.021) ( Table 3) . Rates of return to work at 3 and 12 months were similar between the 2 groups.
DISCUSSION
A unifying definition of what constitutes minimal invasive spine (MIS) surgery is difficult to find and can vary among procedures; 14, 15 however, a common goal of MiTLIF, like any minimally invasive procedure, is to allow for an equivalent or superior result to open approaches while reducing trauma during the approach. A growing body of literature has demonstrated similar rates of radiographic fusion 16 and MiTLIF indicates minimally invasive transforaminal lumbar interbody fusion; TLIF, transforaminal lumbar interbody fusion. Ã P < 0.05 was considered significant. patient outcomes [6] [7] [8] for MiTLIF and open TLIF. Our study corroborates these findings in short-term follow-up of 3 and 12 months, with improvements in ODI, VAS, and QALY in both groups that were not significantly different. Patient satisfaction scores at 3 and 12 months and rate of return to work at 3 and 12 months were also similar between the MiTLIF and open TLIF groups.
Although multiple previous studies examining length of stay have shown significantly shorter hospitalizations for patients undergoing MiTLIF, [17] [18] [19] our study demonstrated that length of stay of MiTLIF patients was more than 1 day longer than that of patients undergoing open procedures. There are several possible explanations for this discrepancy. Although all patient discharges were based on similar, standard criteria-ambulation, pain control, tolerance of diet-each surgeon involved in the study had some variation in thresholds for these criteria. It is also possible that the destination of discharge may have affected length of stay in some studies. Given the significantly higher proportion of patients undergoing open TLIF who were able to go home versus MiTLIF, it is possible that discharge times for MiTLIF in many studies in which discharge location was not reported were lower because patients were discharged to a rehabilitation facility/skilled nursing facility earlier than they would have been if they had been discharged home. In the literature, the reported length of stay for both open TLIF and MiTLIF ranges from as short as 3 days 17 to as long as 10 days postoperatively. 6 This suggests that although the surgical approach chosen has some effect on how long patients remain hospitalized, other factors such as preoperative counseling, social factors, reimbursement schemes, and hospital protocols may have more impact. 20 Surgical time was significantly longer and blood loss significantly lower for the MiTLIF group than the open TLIF group, which, once again, corroborates results from multiple previous studies. 6, 21 It should be noted, however, that no patient in either group required intraoperative blood transfusion and that blood loss overall was relatively low in both groups-slightly more than 300 mL in the open TLIF group and slightly more than 120 mL in the MiTLIF group on average.
Our study has several limitations. The first is that, like many prior studies, ours is a retrospective review of nonrandomized data, and as such may be confounded. For instance, a single surgeon performed all of the MiTLIF cases, while other surgeons performed open cases. There was a significant difference in the age of our patients, with the open TLIF patients being older than the MiTLIF group, although it is our belief that this should have either had a minimal effect on our significant results (blood loss, length of surgery), or should have biased toward MiTLIF (length of stay, discharge location). Our follow-up interval is also shorter than that of many other studies; however, the lack of significant difference in ODI and VAS at 3-and 12-month follow-up was similar to those of studies with a follow-up of up to 5 years. 7 Indeed, for some outcomes such as patient satisfaction and return to work, which may be more heavily impacted by short-term postoperative issues, we believe that our 3-month follow-up interval may actually more accurately assess outcome than longer follow-up.
Data for our study were obtained through the N2QOD initiative. N2QOD is a prospectively collected, multicenter registry whose goal is to allow tracking, analysis, and interpretation of the quality and outcomes of various neurosurgical procedures. 22 The project consists of various modules, with the lumbar spine module being the first to launch in February 2012. The registry primarily tracks data on morbidity and quality-focused outcomes. 23 As a result, some commonly reported measures such as fusion rates are not currently documented and, thus, not reported in our analysis. Despite these limitations, however, the database remains a powerful tool to help assess factors that may impact the quality and value of spine disease management.
CONCLUSION
Both MiTLIF and open TLIF offer patients significant improvements in pain control and functional outcome. In this study, neither approach can be said to be clearly superior to the other. Thus, the evidence indicates that the correct procedure in each case to obtain the best results must be individualized for the specific patient in question.
Key Points
Both minimally invasive and open TLIFs provide significant improvements in multiple measures of disability and pain. Both minimally invasive and open TLIFs have distinct advantages and disadvantages when compared with one another. The optimal approach to performing a TLIF must be individualized for each patient to achieve the optimal results.
